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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric 
ceramic composition and a piezoelectric resonator in 
which no phase distortion occurs at frequencies between 
the resonance frequency and the antiresonance 
frequency; PA/ can be increased; the temperature 
stability of an oscillating frequency is excellent in 
the temperature range of -20°C to +80°C; and the 
variations of properties due to the variations of 
burning can be suppressed. 

SOLUTION: The composition at least contains Ba, Bi and 
Ti as metal elements. The compositional formula based 
on molar ratio is expressed as 
Bi 4 Ti 3 0 1 2.x{(Ba 1 ^A a )Ti03}, wherein x and a are 
0.5 2x20.9, 02a20.4, respectively, and A has a main 
component consisting of at least one selected from 
among Bi, La, Nd, Gd and Pr, and 0.05-1.5 pts.wt of Mn 
based on Mn0 2 relative to 100 pts.wt. of the main 
component. 
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x, 0. 5^x^0. 9, O^a^O. 4 V A 

te, Bi, La, Nd. G d*5 J:tfP r <D5 *>'pt£ < <t 
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1 

tfT i *3*U * JUfcCC £2>&fm.Z 

B i ,T i ,0„ • x { (Ba,..A.) T i 0 3 } 

t$kl,tc£%. atflBx. a*i 

0. 5^x^0. 9 

O^a^O. 4 

A«. Bi, La. Nd, Gd*s£UP r ©?-(Sd>ft< 
1« 

n4MnO,ftg-C0. 05-1. 5 SagP^tT & C 

<b driest <t r a ffmesffl^. 

[0 00 1] 

[^©js-rserrfj^if] *»Bjt*. ffmesffl^fc 20 

fcJ:tKAE^>lM?©JBElI*>1fftt"&cSU 
[0 00 2] 

«. «*.«. EE«£«^ («T> IBS*** 30 

trtRjarr**) . mwrnm-. as**-*, e** 

[0 00 3] CCT, JMtPI*. 7^a>fl«M« 

£S#£ L?c@SS«J>&k:*j<,>t *©SPfl-*]E« 

COfcTT^«10Btt. 3W>1M 1, 1 2i, ffita 
13i, 4fe<fctfftfi?-l 5K£DW0E3 

fit, fcrr**«iaHKc*j«,»T. las®** 40 

[0 0 04] IP^. 1 4 <h«tftl 3*»6ft 4 

= 3 60" x n (fflln=l, 2, ■•) 
g<bft5. 

(ooo5]— «««:aasi 3 *»«tcf-^ i4*» so 
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-t*f4^*-K%< Lftl-mtfftP>ftt>. ^-^"y-o* 

A*<-rs«ctt. ^^©-jr-ofc&s-f s. j&s^f- 

15©P/V. -TfcfoS^fi-f >*-*>*Ro*J:Cf 

> f- X R. ©H£*£ < t £ C £ tf&B 
£ft*. ft*5. P/VB2 0XLog (R./R.)©fil 

£L-aEj83ft*. 

[ 0 0 0 6 ] */c. tMBl«MI*l(lfi3*4*;J!)K 

msre< m&fim-QQ' *e>tt+9o t s-r&fssK 

ftl«t<fc£&tB^#s#££.l/ftl,>C£«>Sl?£ft-2>. 
[0007] fit*, JE«feW«< W*.W**fcP/V*J 
»6#l*PZTt»PT36*m*»«fflStl-Cl»fc. 
ft#6. PZT*PT3fitWK«*IB#S«0«8 OX© 

9&^?&&^<fei£l£#*gJfi;*n-c<,>*. -tec, » 

L, ft t »EE*t***~*©lWr 1 JWf*W(Ftt 6 tlT t » S . 

ims* L- act » tr^ v ^ mmt£®i*-3& t?z> 
tcfei>TK. PZT^PT^#^£Jt&ur«si&ifto a d1? 
gm (Qm) j0tt&Kami>M>94m#fc9. #£fliFF-ffl 

[0008] 

^?x@^k^), masrBi.Ti.c^itt 

ffl^/cts^. *jgsis»©iaa^^* J ± 6 o o o p p 
m<fc «3 < . mw&nwmziZ&t? zn+imfr 

6S^3nsiaS^tt^T€.^igSt©i < F^<2^± 3 o 
0 0 p pmttrt©«&tettMj£-C#ttW>£^5raH* 1 * 

[0 00 9] «it«, fi£*. SrBi,Ti,0, s €:S^ 

ffljSiur^s^^g&a^eft-r^*. c©« 
p/v «irtsaw^c* < S fc©©fttS^?S» 
©SfiSl<b^*i^± 6 0 0 0 p p m< t^:#t,»tl,»o/<:W 

[0010] */c. fi£*©e*^*»«Wfc£*!*E«» 
4g|oT^< i, ^Aj:P/V*Sf#e>nJ&l-^«*«3*. 

[0 0 1 1] 3 fiejfcOtX-vXIl^t^J-t'l*. 

^sstasffiffl *$>5 < . 6 -a * cc 1 1> ft 5 v$$8m 
a*** < ft s <t i» 5 f^®** -5 fc„ 

[0012] SE,t. £3S^$£fc£KSJSJS 
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fete, - 2 0 *C— + 8 0 °C©fig®fflr#fejgfgi&S:<Di& 
[0013] 

^i7C^<bUm<i{)Ba, BifccfctfTi* 

J$&*& i Ji,0 12 -x ((Ba 1 ..A.) Ti0 3 ) 
<Lg|L/c££, iJBBx, a#0. 5^x^0. 9, 0^ 
a^O. 4, A«, Bi, La, Nd, Gdfc^tfPr 

o9*iMr< <tfc i«*»ja-r**«»t, 1 

0 OfiBWC^LTMnSMnO^JTCO. 05- 
1. 5fifigP^W*r-SfeCD*C*^o 

h->«Ifc-C©P/Vffl[*^:*<T*Cd:*« 
r^^iife^C, - 2 0 "C^ + 8 0 "C<DfifiSfiB*CfHR 20 

[0015] ##&9§-Cte, A#B i OJg^, 

B i 4 T i 3 0 12 • x { (Bax-.B i .) T i 

-^mmT<DP/vmzi:$<-vzz>±±i>ttc > -20 
•c-+ 8 0 x;<Djaai5H{c*jwsfasH*»©iafi^5E 

[0016] #«W©ff«ftatf«. EEmfflSSOM^M 
CC««* JgflJ L>T&£><i; L i>dc^ grff BBE®8g# ±1211 

[0017] coj:5ttEEwafr?«:j:ntf, 

i&K<D ®H#Ja <45Ci* 6*J5Rtf 60 # Cc J: 44*14 
$£W}*m U < JQfM L/c2-20MHz ©El > JSffittCCfi 

[0018] 

*;l/Jfcec«fc4*|j0ES*B i Ji 1 O ll -x { (Ba a .. 50 
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A.) TiO,) tikLtctZ. SuiBx, a#0. 5^x 
^0. 9, O^a^O. 4, Ate, Bi, La, Nd, 
Gd*$<fctfP r ©5 5Sl>tt< <bfc 1 «*$SS"r££j*£# 
<t, ga^lOOttStcSltMn^rMnCM 
"CO . 0 5-1. 5fiSSB^W*rifeCD-C*€> 0 
[0 0 19] CCt, ^r*ix?:±fBCD©fflW:S:S 

oyfcfflfioc»r»W-r*. ±lHffl^«:*5i^r, x£ 

0. 5^x^0. 9©3&ffl«:t8:5£0/cSS«:, x#0. 
5 <fc 0d>ttl>i P/V#5 5 d B J:9'h<* < tz&frhX 
$>Z>. -*x#0. 9iD^iP/V^55dBJ:0 
/JvS<tt* < 0 

[oo2o] */c o. 5^x^o. Q(omm^c^x 

«aa«©IBH*IE<I»erfir, ^£tf6^#fc:J:&P/ 

xtt, P/V^J:0^#<-r^<bit>^ > 
(D«^**U<«WW-rSiC^ffi**6, 0. 6^x^ 
0. 8~C£>£C<t#M£lA>o 

[00 2 1 ] £/c, *^T«0^a^0. 4£$§£T 
^fcCDr&D, #K0<a^0. 4&ffiS:'?ZZ±'t)m 
Ba<D^SP£, Bi, La, Nd\ Gdfccfctf 
P r0^>^< l®rg&rr£C<fcfc:<i:9, 

6rS)^o «fCc, AjEdHBIHBfB£lC< ««6o*tc 
J:*P/V(D«FtK»**L</h3<"r«iC^«ft* 
6, 0. l^a^O. 2£TSC£3&J2*0C». 
[0 02 2] ^(CP/V^:55 d B<fc9*#< 

<, «p«cp/v*j:o^:*<r*ic^as* s e>. o. 

l^a^O. 15tt^C<!:^Sil^o IP^, 

^rJUkOCi SifijSS:* B i 4 T i 3 O t2 • x { (Ba 
i-.B i.) T i O,} i«UA:<!:#, 0. 6^x^0. 
8 , 0 < a ^ 0 . 4 , 0 . 1 ^ a ^ 0 . 15 ^rrSS 

[0 02 3 ] i^C*fUTMnO^^L 
fe^Ci^CcfcO, P/V<Dfa±te*£<fa±r££#, 
MnO^Sl^^l 0 OSSSSK^fl/T 1 51 

^wn^a^fi^^ o p / v < 

t*Z>frhX$>Z> 0 —-ft. 0. 0 5fi«»<fc9 64>fc< fc 

§if^-> y d ^-r < (itis^^tH ^ r < ft s * 

^^1 0 OSSSflCcatUT, MnO, 
MtO. 3-0. 7SfigP^WT^C<b^M^LC^ 
[0 024] **W©ff««SfflliB»tc*$(,^r ^ 
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J*Z£.LXB i«T i a O„ • x { (Ba,..A.) T i 

o 3 } rtsnsiin. iiiesta<t LTiJK^vxjiwt 

^J«. (Ba,..A.) ,B i,T i ,..O tItl ,iatCt 
#T?S, ( B i i O, ) '* (a.-^.O,.,,) '"Ct*i 

£ft£t*v*jitK{b^©— l&jSKfc^-c. aif-< h 

— gfJMn{fc^<Di^StL/'r&W«cWlll-r 10 
artB. «kx-J**A h*B. ij»©I45B i @t«b^ 

[0025] *^CDHmfi5Sffl^«. WVm<OZ r 

[002 6] ^|§CDiS^*W^-SEmaS«. fll* 

ffimthX. BaCO,, Bi.O,, MnO„ Ti 
O,. La.O,, Pr.O,, Nd.O,, Gd,0,#><=>£ 20 

[0 02 7] cn6©M*4£±fS0fcig^A&£J:5K: 

ffiu m^iowyBa&m (d,.) #o. 3~i m 

mCDflH(cttSJ:9t<:t}»U C©iS£42»£8 5 0~l 
0 0 0"CTfflBRU 4£8«®¥*9{UEaffi <D i0 ) # 
0. 3-1 MmCD»iH«:<c4«fc5tCt&»L < SS3fS© 

[0 02 8 ] C©<fc5tebT^6ttfcf&#£. StfaKD?" 30 

SHSWCfc^T 1 0 0 0—1 2 5 0 ■C©SgffiHt*2 ~ 
5BNHRJ&U #&|l!<Diffl«*«*SJES&Sftl»6*l 

[002 9] MROUKtr Sff^B&lf 0 1 (C 

*»«3S«lOS*jg^»l**<Jffl-r.5^iS!^i& : F-ffl4 L 

1f\ AE-fe>if^®BES-fe>-y-^4'fcfc^t,^C:4*sr 40 

[ 0 0 3 0 ] m 2 «:^Bj©EEM*8iT (ffiH^fgiP) 
*^-r„ CCDEE^ftig^Ri. ±fBL/cifi^<DJIS?Sgl 
©MM«:mS2, 3&&i&Lxmf8.£tir^2>. c<D£ 

jmm®.®<DM<Dmmmx'Wam&ifi&£. o &c > c 4 #> 

ess l, -tc§m *m ti, 3 6 K &Jljg&£fc©aK£5£ 
tt«:^n/clSfSK^^*^#P,n. «p(C2~2 0MHz 
©Ji^K^r*£iEmi^T-*f#Sc 4 so 
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[003 1 ] 

[XJfcMl a^^f4UT*6S9 9. 9%©Ba 

CO,f&3fc. BizCtft*. MnO.ffl*. TiO.i 

La,0,f»5R. Pr,0 3 t&*. Nd.O,©^ Gd 
,0,«»*%, ^MUcJzZffiJ&ttlZf&ftB i,T i s O 
„ -x { (Ba,..A.) T i Oj) 4*0/c4#. A. 
x, a#m«:7jVr«fc5&7cf*. ffl©^X^4 > d<Di 

j£#i o oaasp{c>itL/t:Mno 1 iis95K ; &^nc^-rj; 

[0032] #ai//cjmf»**. *6&9 9 . 9 %<Dis 
)l3~T#->\>. J *>£&*4ifcK:5 0 Of 1 tf'Jtf 
»Hc!kau l 6 8^11135 5 ^(cr^ofc. 

[0 0 3 3 ] jg^ODX^ U Tf&tiU # 
4 0>*->:*£jiU > 5 3B#M 

^fbr^L-. C©^^*ES9 9. 9%©Zr 
0,jK-^4-<^>^7K4ft«:5 0 0 m 1 #*)tfv V 
K&A 2 0 &rmW& O -Ci¥«&***§fc. 

[0034] CODf&^tCjSatDWtS^^-Of-^mJjDL/ 
TjS&U ^UXKt 1 5 0MPat?§3 2 5 m 
m, fli3 8mm. 1 m m<DfaVilC!83& L . AM4>«: 
fct,>T 1 0 5 0 "C~ 1 2 5 0 "C-C 3 &fffl*Mf&l,E.m& 

[0035] ^(TXk. S3 6 mm. iH3 0mm«:flnX 
SL S3 6 mm4$I3 0 mm^6>&&ffi©P5HD&eC r - 

2 5 0-cfi 2mm<DT~-)i>)m : £nutc. 

[0 0 3 6] -e-©^ ig2foivr®ffi1ii»4ft&J:5 

U. S32. 2mm (L) . 4f0. 9mm (W) . W-h- 
0. 17mm (H) 0«(C^>fi'>yv-^tJ)DI 
U 8MHzO^S«:tBS-r-2)/J^J:^?t»3SiS&©S 

[ 0 0 3 7 ] ^^<D«H4«. ^>t-^7t7-f 

l*«t©P/V 4P/V = 2 0 x L o g (R./ 
R 0 ) (DSCfCjrO^Hibft: (fflU. R. :S«S-/>f- 
^>^. R. : ZkWiA . 
[0 038] 36(C-f>f-^^«fJ;t), ^tiia® 
»4S*JBJS««<OIH-rffiffi36itt- 9 0- *>6#J+ 9 0 
* fC{4tl,SlKO/c^CD^+9 0- (Dti&ifthUZjm®. 

frzmmiLtc. mmzxommiz. i (+) 

m<DWckmm - £A-fii#> hmm mi^mt u tcmm i 

iC<J;<3^«i) t AfiT-l oo<i*5<iW±«:*jc^ri 0" 

&mz.2>mm&fim£.Mcme:<>c*s^xizx. znvi 



[0039] s etc, ei— aasccfco^r. Mtm&zi 

[0040]^, l£*4No. 2 IK, SrC0 3 t9*. 
Bi^,^ TiO I ft^SrBi 4 Ti 4 0 ll i& 

5<fc5K:#«»&u l l 8 o'CtrttfiJcUfcfeorft 

£ e g/c, i*ftNo. 2 9«, S rC0 3 t»*, Bi,0 
,8**, La z 0 3 f&5R, T i 0,»** (Sr D .,L 
a 0 .i) B i 4 T i 4 O ls £#5<fc5*Cfffii&&U 11 
7 0-Cr«IJiRO, KttNo. 3 0«, SrCO,^ 
Bi 2 0 3 5f»^ La.Cfi*. Ti0 2 «^ SrB 
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*iji 4 0 is 10 0il»cMULa 2 O^0. 5 

[0041] $ 6cc, ^A%tta>asse<b«« k 2 5 
•commmmLzmmicLx. -2o-c*>o<«+8o 

[0042] F o s c^ft$ (ppm) = { (Fosc 
(drift) -Fosc (25)) /Fosc (2 

5) } x 1 0 0, (IU Fosc (df if t)B» - 
10 2 0°C&U<«:+8 O w C^<Df6^J3&&^&^ Fos 

c (2 5) «2 5°CT?<D^mii^»'C*^o cne><D*s 

S£3l 1 tfCfjk?. 
[0 04 3] 



No. 


m . ts. 

x A a Mn 


« * tt is mmmn 
p/v tt*a m&ftft Cppi 

rdB> ¥t * -20t -4 


m) 

- flO^C 


* 1 


I 


Bi 1 


0.1 


0.6 


40 


X 


o 


+1900 


— 2080 


2 


0.9 


Bi 


01 


0.5 


G8 


O 


o 


+1800 


— 1750 


3 


0.75 






0.5 


72 


O 


A 


+ 1500 


-1240 


4 


0.5 


Bi 


0.1 


0.5 


62 


O 


o 


+1080 


-1200 


* 5 


0.4 


Bi 


0.1 


0.5 


41 


O 


o 


+ 1120 


- 1400 


6 


0.75 


Bi 


0.1 


0.6 


66 


O 


o 


+2270 


-2180 


7 


0.75 


Bi 


0.15 


0.5 


70 


o 


o 


+ 1950 


-2250 


6 


0.75 


Bi 


0.2 


0.5 


71 


o 


o 


+2450 


-2800 


* 9 


0.75 






1.7 


46 


o 


A 


+2640 


-2870 


10 


0.76 






0.05 


63 


o 


A 


+2100 


-2020 


♦ 11 


0.75 






0.026 


49 


X 


A 


+2010 


i -2080 


12 


0.75 






1.6 


60 


o 


A 


+ 1700 


-1880 


13 


0.75 


La 


0.1 


0.5 


64 


o 


O 


+2650 


-2400 


14 


0.75 


Nd 


0.15 


0.5 


60 


O 1 


o 


+2760 


-2760 


15 


0.75 


Gd 


0.12 


0.5 


61 


o 


o 


+2700 


-2450 


16 


0.76 


Pr 


0.15 


0.5 


64 


o 


o 


+2270 


-2330 


17 


0.75 


A17 


0.1 


0.5 


71 


o 


o 


+2900 


-2150 


18 


0.75 


La 


0.16 


0.5 


71 


o 


o 


+2260 


-2280 


* 19 


1.1 






0.6 


35 


X 


A 


+2050 


-2310 


♦ 20 


0.9 






0 


43 


X 


A 


+2130 


-2150 


* 21 


SrBi 4 


TnO ia 




62 


o 


X 


+6040 


-6870 


22 


0.75 


Bi 


0.3 


0.5 


65 


o 


O 


+2654 


-2775 


23 


0.75 


Bi 


0.4 


0.6 


57 


o 


o 


+2650 


-2885 


♦ 24 


0.76 


Bi 


0.5 


0.5 


46 


o 


o 


+2950 


-3080 


25 


0.8 


Bi 


0.1 


0.5 


67 


o 


o 


+ 1896 


-2010 


26 


0.6 


Bi 


0.1 


0.6 


68 


o 


o 


+2250 


-2340 


27 


0.75 


Bi 


0.1 


0.3 


58 


o 


o 


+ 1850 


-1660 


28 


0.76 


Bi 


0.1 


0.7 


61 


o 


o 


+ 1650 


-1705 . 


♦ 29 


<£ 


Jr 0 B La 0 . 


t) Bi 4 Ti 




68 


o 


A 


+6340 


-6670 


♦ 30 


A 3 0 


56 


o 


A 


+6580 


-6630 



* sj « * * w <n m m t «> * . 

A17 rt<Bl„,La,.J, A30 100 fiflW SrBUTi.0,, + 0.5 SfiSS La.O, 



[ 0 0 4 4 ] 3? 1 #> 618 5fC. *^©ffifflF*3 
<b**s± 3 0 0 0 p p m«rt£J5c»)/h3C>e &*»NS. 



[0 04 5]-*. JfctftWT**. IS^No. 2 0©M 
{1**4 3 d B£/Jv* < . Jlol 0* 4±@*tttlS**s 
[0046] Sfc. <£$fcx<Dfil# 1 <DlSf4N o . 1 ©*§ 

p/v«/jn$<. s&tcKrei/ft:ft£?-i o om<p 

bfcCi*6SS(/ fc#8»W» 6 n 6 ft & t, > c £ # 
50 5. x©ffi#0. 9<fc«3 *j*C>i»$£l-N o. 19 
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lC<^Ct&t>frZ>. l#t4No. 2 9. 3 0B, 

gMmi&gL<DUB£.itm&± 6 0 0 0 p p m3rf83.SC 

[0047] $?c, A©iIg£B iCCOfc3#ftNo. 7 
©»•£, P/V£7 0 dB #6. -20-8 

0 'C<D3mmm®®Um&it&>S: ± 2 2 5 0 p p m«l*J 

[0048] Ba(D— gi5*L a, Nd, Pr. 10 

Gd-pg»LfcSd4No. 13. 14. 15. 16. 1 
7. 18©*§£. x©ffi#0. 7 5t?P/V*S6 0dB 
feLhi^^^fif^Wb^*^. - 2 0~8 0'C©^JgJS 
?Sg^fiDtaa^Yb^± 2 9 0 0 p p m«rtiin/cSg 

[0049] 13K, *^©^if4No. 7©-Y>f- 

<Dumutm*mv tc. 0 5 ianvsm^m^. c tctm. 

tc. 20 
[0050) 14* &*»910l#lN o . 7 "C«^:# ft 
{fcfflmfrtf^-tf-r. I4^-20~80"C© 

#yg;g?£i&©i&a^bsg#± 3 0 0 0 p p mttrtisn 
no. in*, ^M^^E^sua^oiircti^tf 

&-9 0' *><=»«^-t- 9 0- tCffitBSISO^©^+9 0 
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